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lb tJIc past tJIrcc  years at J]’],, NASA IIas LWCII s]mIsoriIIg  tlIc  ltcmotc  Surface inspec-
tion  l’rojcct  to clcvc]op tlIc  tcchno]ogy  nccdcd for doing ])criodic  ancl on-dcmancl  inspect ion
of s])acc borne platfmns ,  i]] ]mticular  S]mcc Statfio]]  lWdoIn. ‘1’hc rcsulta]it  systc]n  i s
coI n]wi scd of tlIrcc  In ain COI npoI ICI Its: robot  In WI ipu] ator coIIhol,  tclcopcratcd  /aut,o]  natcd
]I]ulti-scllsor  i]lspcctio]] ,  a]ld a gra])llical  USCI i]lt,crfacc  to lxMI o f ’  tlIcsc,  l{cy  tccl]no]ogy
itc]]]s  i]lcluclc: ]nctllods  for auhmatcd visual i]ls])cctio]l; tllc dcvclo])]]lc]lt  of all llltcgratcd
ScIIsor lhld-1’lflcctor  wllicll cnco]npasscs  visio]l,  ])roxi]nity,  t,c]npcrat,urc,  and gas i]] formatio]l
to ]no]litor  tJIc cnvjro]l]ncni;  al]cl  a IIip;ll  fidelity si]nulatio]]  of orbital inspcctioI1  condit ions.
III this paper , cacll of these will bc dcscribcd  as W C]] as tllc issues which  tllcy succcssful]y
address.  AII overview of tlIc  c]ltirc j]ls]wctio]l  syshn  wjll also bc providd  to SIIOW lIOW the
tllcsc tccll]lological  inllovatio]ls  mcslI with  tllc systc]n  i]) pl]ilosophy  al]d ]nacticc.

Visual lnspcct,ion I\y far, the largest cfl’ort  in processing of this sensory inforlnation  has
l)ccII  dcdicatcd to  co]n]mtcr  visio]l tccll]liqucs. W C  dcscrilx:  sclcctcd tccl]]]ology  itc]ns tl]at
arc i]lcor})oratccl  i]lto  a rcscarc]l  systc]n  for i]ls])cction  that is h bc used for visually dctcctillg
dal n agc to orbiti  ] Ig s]mcc ])latfor] I-IS. ‘J’llis  a])plication is cspccial]y cllallc]ging  bccausc of the
lIarslI sola] ligl]ti]lg  i]] orbit,  coInplcx  rc{lcctivc  o b j e c t s , LIIC s]nal] sizes of flaws cause c1 by
]Ilic]()-]]lctco]’itc  i]n])acts, tllc ncd f o r  cfJicic]ltl  co]nputcr  ])rocx!ssi]lg, a]ld co]]]]]]llllicatio]]
li]nitatio]ls  jn sending data back h cart]l.

‘J’lIc F;c]lcral prol)lcIn  consists of locati]lg; a~ld cllaractcrizi]lg  flaw i]lduccd  clla]lp;cs bctwccn
aII earlier rcfcrcllcc tcm])]atc  ilnagc a]ld a IICW i]ispcction  image.  111 the abscncc  of  noise,
vicw])oint  difrcrcllccs,  ]ighti]lg  variations, and bc]]ig]]  clla]lgcs,  tllc dctcctio]]  of significant flaw
dam agc could bc obt ai ncd  hy a ]moccss of si m ]dc subtraction. 1 lowcvcr, ill our i]lspcct,ion
application cacll of lJIc above ]nc]ltioncd  factors conlp]icatcs  tllIC  idc]ltification  of tl]c  cllangc.
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‘J’lIc  main cllallc]]gcs  to ovcrcomc  arc that of correcting for lnisrcgistration  of the images,
tLIId ]mrfonnillg  all cfJicicllt  il)tcr]n’ctation  o f  tllc information  in tllc i~nagcs. W c  IIavc dc-
v(!lo])cd a li(!ar  real- t i lnc local  corrclatioli  bas(!d scarc]l  tccllniquc  to lnatc])  as IIIUCII of the
rcfcrculcc  and ills} wctiml  ilnagcs as ])ossiblc. A gradicllt  based iterative warping  tccllniquc  is
used for tllc simulta]]cous  registration of ]cfc]c]]cc/ills])cctiol]  images as well as flaw dctcc-
tio]l.  ‘J’IIc algorjtllln  adopts a IIicrarcllical  correlation approac]l i]] wl]icll  it itmativc]y  (coarse
to filic) lnodifics  image warp paraln(!tcrs  to lnaxima]ly  corr(!]atc  tllc rcfcrcllcc and inspection
ilnag;cs - ally rclnaini]lg  uncorrclat,cd  regions of ihc ilnagc arc tJICII  flagged as ])otclltial  flaws.

W C lIavc  also cxploiicd  the idea of IIOW visual illfomatioll  IIas a “bell-sl]apcd’) distrihtion
across scale. ‘J’llis idea IIas a strol]g  iln])licatioll  to tlIc  design of tclcrobotic  surface inspection
al~;orit]lms.  Wl]at it says is that  surface f(!aturcs  arc vjsiblc or dctcctablc  only over a limitcc]
baIId of scale - that is if OIIC is scarcllillF;  for “trees” ill a forest, tlic tlrccs wjll bc discernible
oIIly at tlic right. AI I approach to dcsig;ni]lg  algorithms to autolnatica]ly  select tllc ‘fcorrcct”
scale is ]Jrcscl  Itcd.

CMhcr  lnspcdion  Senses III addition to vjsua]  scIIsiIIg, wc h avc rcccI  It 1 y i~ I c.orporatcd
tllc [!xtclldcd  capabilities of llo~]-contact  proxi]nity,  tclnpcraturc,  and gas lncasurcmcnt.  All
tlIIcc C.a]mbilitics arc acllicvcd  with colnln(!rcial  scIIsors,  pltysically and clcctrical]y  intcgratcxl
into a colilpact  clld-cflcctor. ‘J’llis  clld-cfl’cctor  also provides lighting  of constant  and lnca-
surcd illtcnsity,  s]lort  duration  flasllcs,  ])arallc]  jaw gri])])illg, and six dcgrccs-of-freedom force
S[!IISIIIF;  .

l’roxilnity  scllsing  js acllicvcd  with  t w o  illfra-rcd t,riallgulatioll  scIIsors,  smsitivc  to  ap-
]Jroxill)atcly  0.75111. ‘J’IIc dista]lcc lncasurclncnts  arc used for collision avoida~lcc,  surface
contour  followillg,  and surface contour  lncasuril)g. ‘J’clnl)craturc  sclising  is  acllicvcd  wjtll
al I ill fra-rcd  optical pyrOII-IC!tCr,  .scllsitivc  to tcInpcraturcs  frOIII O to 100001”. Gas scnsillg  is
acl~icvcd with a )nulti-gas  lnctaJ  oxiclc sc~r)icollductor  tyl)c  scIIsor.  W]]ilc  it may bc ])ossiblc
to cln])loy  this gas scnsillg  tcchno]ogy  ill orbit, wc rccognizc  tl~c superiority of using a com-
]Jact lnass spcctromctcr ill the alnbicllt  vacuum of space. Such a sclIsor  l)as also bcclI tested
as lxut of tl~is work.

IJi]]ally, tJIc remaining coInponcIIts  of tlic CIId ~)frc)ctol, csl)ccially  tllc lighting  systcm, will
bc d i scussed  ill dctai],  ‘1’IIc colltro]lcd  lig;llts  arc lnailltainc!d  at a kIIOWII illuminatjiol]  l eve l
by a o])tic.al  transistor fccdhack  c.jrc.uit. ‘1’llis  ]nakcs tllc illu)nil]ation  i]ldcpcndc]]t  of currcni
fluctuatio]ls  al]d bulb  a g e , a]]d ]nakcs  prccisc ]]l[:[ls~llc]]-]c]]t  a n d  c a m e r a  cl]aractcrizatio]]
})ossiblc. ‘J’llis  lighting  is auglnclltcd  by cxtrclllcly  coln])act  a.lld f a s t  pu l se  s t robes .  ‘J’hc
s t r o b e s  ~)rovidc sl]ort  duration  lig;lltillg  of illtcllsity  011 the order of tlIc SUI1 but oIIly for
S] IOIt, CIICrg;y saving,  sing]c  calncra.  f r a m e ,  l)ursts. Sillcc  tlIc  flasllcs  arc moulltcd  o n  t h e
outside surface of tlIc  movable parallc] jaws of tllc gri])l~cr, f lash illulninatioll  ang]c  ]nay  bc
varied as dcsi rcd.

Space  l’latform  l’jmulation ‘~’o dc]nonstraic  tllc capabilitlics  of tllc illspcctioll  systcm, a
ollc-tllird  sc.alc ~nocku]) of tllc S])ac.c S t a t i o n  lhccdo]n  truss IIas bccIl crcatcd. ‘1’l~c lnockup
is  outfittcc]  wit]] lIumcrous  d e f e c t s :  silnulatcd  lnicro-lnctcor  iln])acts,  lnissing; sc.rcws, col I-
tmllablc  lIot a]]d cold spots, and controllable gas ]caks, IJurtllcr,  to ]nakc the i]lspcction
cI]vjro]i]ncnt  as realistic as possi blc, tl]c area is darkc]ml  l)y black curlai]ls,  ce i l ing ,  a]~d
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floor,  a n d  illulnillatcxl  by a sol)llisticatcd  solar illulniliaticnl  silnulator.  ‘1’l]is  silnulator  i s  a
1500 Watt arc lalnp  mounted 011 a four Clcgrccs-of-fr(}c:(lolrl,  coII~putcr  controlled ])latform.
W C IIavc dcvclopcd  tllc killclnatics  of this sysbn  to cllab]c the illulnination  angle of  the
SCCIIC call bc varied at orbital  rates, wllilc  ]naintai]li]ig;  a co]lstallt,  illumi]lation  flux,  just as
t’llc sun provides.


